Introduction
Although the availability of novel multicomponent reactions (MCRs) has increased dramatically over the last decade, they cover a limited amount of the chemical space and 20 much of it still remains to be discovered. [1] [2] [3] [4] [5] [6] [7] [8] [9] There is no doubt that some of these transformations are important cornerstones in the diversity-oriented construction of molecular complexity due to their ability to incorporate, in a fast and efficient manner, three or more components into a single product. This 25 means that the structure of the product can be easily modified by small systematic variations of each of the starting materials. MCRs generally benefit from other aspects such as atom-economy, use of readily available starting materials, resource effectiveness and bond-forming efficiency that 30 render these reactions useful alternatives for the greener trend in which organic chemistry is engaged. In addition, because MCRs are one-pot processes with simpler experimental conditions that do not require the isolation of intermediates, they are perfect candidates for combinatorial, automated 35 synthesis and drug discovery.
Over the years, there have been various classification systems for MCRs, e.g. according to the components involved, the type of reaction or the reversibility of reactions leading to intermediary products. In terms of the components 40 involved, multicomponent reactions that utilise, for example, three components (3CR) can be divided into three different categories depending on the nature of the starting materials. ABC designates a multicomponent reaction involving three different reagents; ABB (or AB 2 ), a reaction that involves one 45 molecule of reagent A and two molecules of reagent B (Scheme 1, a); and finally, AAA, a reaction that involves three molecules of the same reagent. It appears reasonable that in order to achieve the highest possible complexity and diversity in the final products, the ideal multicomponent 50 reaction would fall into the first category (ABC) although this is not strictly necessary as evidenced by a few selected examples that have appeared in the literature over the last decade and that will be highlighted in this article. The key to this particular category of multicomponent reactions that can 55 be designated ABB' is the chemo-differentiating incorporation of the component B in two distinct manners (B and B'), which ensures the complexity and functional diversity of the final product (Scheme 1, c). 10 We use the term chemodifferentiating to signify that each chemical function 60 incorporated into the product is chemically different from the other. All of the selected examples share a common chemical property: they perform a chemical process able to transform a small set of reagents into a final product whose structure incorporates each reagent several times and in the form of 65 differentiated chemical functions. are scarcer and they will also be discussed in this review. Finally, many of the reactions appearing in this article had not been originally presented as multicomponent reactions and this has made it more difficult to search for them in keyword databases. Although a careful inspection has been conducted 100 to find examples which would reflect the objectives of this review, it does not intend to be fully comprehensive, but rather, a conceptual overview of a selected group of examples which will most likely aid in the search for new MCRs and that will benefit both academic and industrial scientists.
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Ketenes
It has been known for some time that ketenes react with isocyanides in an ABB (or AB 2 ) 3CR to form 2,5-dialkylidene-4-imino-1,3-dioxolane derivatives 11 2 (Scheme 110 2). Although in this reaction three new bonds and one ring are formed, it appears obvious from observing the structure of the product that the ketene building blocks contribute limited functional diversity to the final product. This occurs because both ketenes are incorporated following similar nucleophilic building block is also introduced into the final product through a nucleophilic addition, generating an additional carbon-oxygen bond and ester functionality. BBB' denotes therefore that only two out of the three type B building blocks are incorporated in a similar manner.
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Terminal Conjugated Alkynoates
Terminal conjugated alkynoates are small molecules with an extremely high degree of chemical complexity ( Figure 2 ). These molecules can react with a wide range of reagents that 155 include for example nucleophiles, strong bases, dienes or dipoles.
Our own contributions to this chemistry combine the two main chemical properties of terminal conjugated alkynes: their relatively high acidity (pKa18.8) 13 and their good Michael-160 acceptor character. 14 Interestingly, this means that this privileged building block can act as a nucleophile and an electrophile in the same MCR. Depending on the catalyst and the reaction conditions, one molecule of an aliphatic aldehyde or certain -dicarbonyl compounds and two molecules of a 165 terminal conjugated alkynoate may be combined to yield enolprotected propargylic alcohols 6 (Scheme 3) or 1,2-dihydrofuran derivatives 12 (Scheme 4). 15, 16 Both processes represent examples of ABB' 3CRs and have a common starting point. The energetically favoured 170 nucleophilic addition on the terminal conjugated alkyne generates the zwitterionic allenolate 7, which deprotonates the starting conjugated alkyne to generate the reactive acetylide salt 8. Overall, a catalytic amount of a good nucleophile generates a catalytic amount of a strong base. Once formed, 175 the reactive acetylide salt 8 adds to an electrophile present in the reaction medium to give the expected addition products. Aldehydes or -dicarbonyl compounds bearing no protons more acidic than the terminal alkynoate itself are good electrophiles and their adducts, propargylic alkoxides 9, are 180 themselves good nucleophiles to give Michael addition on either the reactive conjugated alkene counterion affording enol-protected propargylic alcohol derivatives 6, or a free starting terminal conjugated alkynoate affording the corresponding 1,2-dihydrofuran 12. The formation of 185 heterocyclic compound 12 is the result of an intramolecular Michael addition in intermediate 10 and the protonation of 11 by the starting alkynoate. As a result this MCR generates three new bonds (two C-C and one C-O) and one ring.
Interestingly, the nucleophilic catalyst plays at least two 190 important roles. It not only triggers the acetylide generation, but it is also crucial in determining the outcome of the reaction. Under the appropriate reaction conditions, tertiary amines funnel the process towards 6 while tertiary phosphines afford 12. In both cases, one building block is introduced as 195 an acetylide ion (nucleophile) due to its increased acidity and one as a Michael-acceptor (electrophile).
Finally, as it can be anticipated by the use of multicomponent reactions, the products (6 and 12) constitute highly functionalized units which are well suited for using as the possibilities of product 6 in the efficient synthesis of 1,3-oxazolidines 17 and polysubstituted pyrroles. 18 The simplicity of the first ABB' MCR, coupled with another domino process 205 has allowed us to build small libraries of compounds in a programme aimed at the discovery of bioactive substances for cancer treatment. 19, 20 More recently, a similar-in-origin triethylamine-catalyzed AABBB' type 5CR of an alkyl propiolate with aromatic 210 aldehydes has been described. 21 This temperature-dependent sequence of cascade reactions generates, at a first stage, 2,3,9,9a-tetrahydronaphtha[2,3-b] furans 13 with an impressive bond-forming efficiency of seven new bonds (five C-C and two C-O) in a single operation (Scheme 5). Upon 215 warming, these products can be selectively transformed into naphthalene derivatives 14 or 15. The mechanism proposed by the authors involves the formation of the enol-protected propargylic alcohol 6 (already described in Scheme 3) which undergoes a further acetylide addition to generate an 220 intermediate that is able to react with another molecule of the initial aldehyde. This is followed by a series of rearrangements and protonation to afford 13. The cascade of reactions has been able to incorporate two molecules of aromatic aldehydes and three molecules of ethyl propiolate 225 into the product. Both aldehyde units are incorporated following similar 1,2-additions on the carbonyl moiety (AA) but the ethyl propiolate units are incorporated in two different ways: two as sources of acetylide nucleophiles and one as a Michael-acceptor (BBB').
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Enolizable carbonyl compounds
There are two well-known reactivity sites in this group of compounds (Figure 3) . The increased acidity of -hydrogens, which leads to the formation of enolate ions, and the 235 electrophilicity of the carbonyl group give rise to the aldol reaction. The corresponding -hydroxycarbonyl compound (or the -unsaturated derivative) can subsequently be used in a further reaction to give a more elaborated product. When both reactions are combined in a one-step process, the bases are When o-phenylenediamine is used as the aromatic amine, the result is the formation of 1,5-benzodiazepine derivatives 17 via another ABB' 3CR as has been described by various groups under a wide range of different reaction conditions (Scheme 7). 23 Aliphatic ketones (cyclic and acyclic), and 260 substituted acetophenones have all been used as the privileged building blocks in these transformations. The originally proposed mechanism 24 involves the formation of the - differentiating MCRs of aldehydes with either amides or aliphatic amines. Interestingly, the reaction of aldehydes and amides can give a number of products depending on the reaction conditions. The simplest case is the ABB' 3-C trifluoromethanesulfonic acid-catalyzed condensation of a 275 primary amide with two equivalents of an aldehyde to give the corresponding -amido aldehyde 18 as a mixture of two diastereomers (Scheme 8). 25 The authors propose the in situ formation of the imine from an amide and an aldehyde, followed by an amidoalkylation with a second molecule of 280 aldehyde. Experiments with ,-unsaturated aldehydes and amides under the same reaction conditions did not lead to the expected product, ruling out the possibility of a direct aldol condensation followed by dehydration and conjugate addition. The -amido aldehydes obtained are of synthetic value 285 because they are relatively stable derivatives of -amino aldehydes which are more difficult to isolate. It should also be added that these authors developed a similar methodology under different acidic conditions with the use of acetals as the source of the corresponding aldehydes. More appealing seems the ABB'C 4C coupling of amides, aldehydes and dienophiles (scheme 9). 27 Beller et al. further developed this methodology, which involves the Diels-Alder reaction of a 1-acylamino-1,3-diene intermediate 19 with and nitroalkanes (Scheme 10). 28 As before, the aldehyde acts as the privileged building block in the formation of a key -unsaturated imine intermediate 25. Addition of the nitroalkane to 25 is followed by a rearrangement and elimination of H 2 O and HNO to give the pyrrole 24. The authors clearly show that 320 the only role of the catalyst is to form the unsaturated imine because, in a separate experiment, the coupling of a preformed unsaturated imine with a nitroalkane takes place in the absence of SmCl 3 to form the expected product.
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The last example in this category of enolisable carbonyl 325 compounds also comes from our laboratory and is based on the ABB' 3C organocatalyzed homoaldolic condensation of -ketoesters (Figure 3 ) in the presence of terminal conjugated alkynoates. 29 In general, -ketoesters bearing -hydrogens are more reactive and acidic than simple aldehydes and ketones. 330 Since they are even more acidic than terminal alkynoates, their combined reaction catalyzed by a nucleophile (tertiary amine) triggers a cascade of reactions that starts with a selfcondensation of the ketoester, followed by a lactonisation and Michael addition to afford isotetronic acids 26 (Scheme 335 11). It is remarkable that one of the -ketoester units acts twice as the nucleophile (via the -carbon in the aldol condensation and via the oxygen in the lactonisation) and the other -ketoester unit twice as the electrophile (the ketone group in the aldol condensation and the ester group in the 340 lactonisation). The role of triethylamine is to indirectly trigger the aldol reaction. As previously seen in Scheme 3, Et 3 N adds to an alkyl propiolate to generate a much stronger base 7 which is the species that deprotonates the first -ketoester in the self-condensation. The use of cyclic enol ethers has been more common than their nitrogen counterparts. Batey et al. first reported the Dy(OTf) 3 -catalyzed reaction of 2,3-dihydro-2H-furan with various substituted anilines to form the corresponding 2-370 (hydroxyalkyl)tetrahydroquinoline derivatives 27 (X = 0, n = 1). 19 More recently, further research has shown that the reaction can be performed with KSF clay, InCl 3 in H 2 O, Sc(OTf) 3 in [bmim]PF6, In in aqueous HCl, and without catalyst in hexafluoroisopropanol. Although more scarce, the 375 use of endocyclic enamines has found a relevant application because the reaction of methyl 4-aminobenzoate with Nprotected 2,3-dihydropyrrole provides direct access to the core structure of the Martinella alkaloids ( Figure 5 ).
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Martinelline and martinellic acid are natural products found in root extracts of the Amazonian Martinella iquitosensis vine which has been used by the indigenous population to treat various eye ailments. This MCR allows the rapid construction of the tricyclic core of these guanidine alkaloids with the 385 correct diastereoselectivity in only two synthetic steps and good overall yield, and Batey et al. have already accomplished its total synthesis using this MCR as the key step. 34 Essential to their success was the search for the catalyst that would favour the desired endo adduct during the hetero Diels-Alder 390 reaction. Ultimately, camphorsulfonic acid in THF was chosen to predominately form the correct diastereomer.
Summary and outlook
We have shown how the chemo-differentiated incorporation 395 of identical building blocks into the final product can transform a bimolecular reaction into a MCR. These reagents can be considered to be privileged building blocks because they have the ability to transform one chemical functionality in the starting material into a broader set of functionalities or 400 structural motifs in the product. This ensures that the MCRs in which they participate maintain the ability to generate molecular complexity and diversity.
The ABB' notation 10 is proposed to designate the chemodifferentiating 3C MCR that introduces into the final product 405 one molecule of component A and two molecules of component B. Most importantly, this notation highlights the dual role played by component B and it stresses that it is incorporated in two different manners. Although ABB' 3C MCRs are the most common among this type of 410 transformations, we have also shown more complex multicomponent reactions such as ABBB' 4C, ABB'C 4C and AABBB' 5C reactions.
Among the reduced set of compounds that fulfil the needed requirements, we have highlighted the use of ketenes, terminal 415 conjugated alkynoates, enolisable aldehydes or ketones, and cyclic enol ethers or enamines. Although these building blocks have appeared in the literature more frequently in this type of reactions, these are not the only reagents that meet the needed requirements and it is anticipated that in the future we 420 will see a larger and broader set of such chemo-differentiating multicomponent reactions that will possibly lead to novel molecular frameworks in a single reaction step.
Finally, we hope that in the future, when new reactions of this type appear in the literature, they will be categorized as 425 chemo-differentiating reactions in order that they can enter the pool of MCRs available to organic chemists. B in a 3C MCR. 34, 35 We believe that the ABB' notation reflects unambiguously the dual role played by component B. 
